The overall equilibrium constants and the rate constants of the complexation and oxidative addition-ionization steps (when not too fast) have been determined in DMF. With very good leaving groups (carbonate, trifluoroacetate), the oxidative addition-ionization step is faster than the complexation step whereas the oxidative addition-ionization step is the slowest step for less good leaving groups (acetate, benzoate). The forward rate constant of the equilibrium in which the active Pd 0 (PPh 3 ) 2 is formed from Pd 0 (dba)(PPh 3 ) 2 has been determined.
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Introduction
We have previously established that the reaction of the allyl acetate with Pd 0 (P P) complexes (first step of the Tsuji-Trost reactions) 1 is reversible (P P represents either 2PPh 3 or one bidentate bisphosphine ligand: dppf (1,1'-bis(diphenylphosphino)ferrocene), dppb (1,4-bis(diphenyl)phosphinobutane). [2] [3] [4] The reaction proceeds in two successive steps: reversible complexation followed by a reversible oxidative addition (also called ionization step) (Eq. 1). The reversibility of the reaction of a cyclic allylic carbonate has also been established with PPh 3 as well as an epimerization at the allylic position. 5 Consequently, in a palladium-catalyzed nucleophilic allylic substitution, the acetate or carbonate ions whose concentration increases as the catalytic reaction proceeds, may compete with poor or stabilized nucleophiles in the nucleophilic attack on cationic (η 3 -allyl)palladium(II) complexes, leading thus to scrambling in the allylic substrates. 5, 6 This shows that acetate or carbonate ions are not only simple leaving groups as generally postulated, but that they may play an active role in the catalytic process.
6
We report therein the effect of the leaving group and the structure of the allylic group on the kinetics and thermodynamics of the reaction of allylic carboxylates with palladium(0) complexes.
Results and Discussion
All reactions were performed in DMF starting from either Pd 0 (dba) 2 (C 0 = 1 mM) (dba = trans,trans-dibenzylideneacetone) and 2 equiv. PPh 3 , i.e., from the complex Pd 0 (dba)(PPh 3 ) 2 7 or from Pd 0 (dba) 2 and 1 equiv. of a bisphosphine ligand (P,P), i.e., from the complex Pd 0 (dba)(P,P) (P,P = dppf, dppb). 8 The equilibrium constant K of the overall equilibrium (2) was determined by UV spectroscopy, which provides the concentration of Pd 0 (dba)(P P) in the equilibrium 2 or by conductivity measurements, which provide the concentration of the cationic (η 3 -allyl)Pd(P P) + complex in the equilibrium 3 (free ions in DMF), as previously reported for the simple allyl acetate CH 2 =CH-CH 2 -OAc.
P P This overall equilibrium (2) is the result of three successive equilibria (Scheme 1).
oxidative addition ionization
Pd 0 (P P) + dba Pd 0 (dba)(P P)
Scheme 1
Reaction of an allyl carboxylate with Pd 0 (dba)(P P) in DMF (PP represents either 2PPh 3 or one bidentate P,P ligand) With a large excess of the allylic carboxylate or with a very reactive allylic carboxylate, the reaction (2) may be irreversible. The apparent rate constant k 1 app = K 0 k 1 /C 0 of the overall complexation step [3] (Scheme 1) was then determined from UV kinetic data. The rate of formation of the cationic complex (η 3 -allyl)Pd(P P) + was monitored by conductivity measurements. The rate constant, k 2 (Scheme 1) was determined when the ionization step was rate determining. [3] Kinetics (2) is an equilibrium for less good leaving groups such as chloromethylacetate, benzoates and acetate (Table 1 , entries 5-12). As expected, the determination of the equilibrium constants shows that the better the leaving group, the higher the equilibrium constant. In the benzoates series (Table 1 , entries 6-11), the substitution of the phenyl group by an electron withdrawing group, which exalts the leaving group properties, favors the formation of the cationic complex (η 3 -allyl)Pd(P P) + . All these data are consistent with the effect of the leaving group. A good leaving group will favor the two forward reactions: the complexation step because the C=C double bond becomes less electron rich, and the oxidative addition step in which the leaving group is released. A good leaving group is also a poor nucleophile for the backward reaction of the last step (rate constant k -2 ). Consequently as expected, the better the leaving group, the higher the equilibrium constant and the higher the concentration of the cationic complex (η 3 -allyl)Pd(P P) Fig 1B) .
For a given bidentate ligand, either dppf (Table 1 , entries 13-16) or dppp (Table 1 , entries 17,18), the effect of the leaving group is the same as that observed for PPh 3 : the better the leaving group, the higher the equilibrium constant (i.e., the higher the concentration of the cationic (η 3 -allyl)Pd(P P) + complex) and the higher k 1 app . The effect of the leaving group on the rate constant of the ionization step k 2 is consistent in the benzoates series (Table 1 , entries 14,15).
Kinetics and thermodynamics of the reaction of allylic carboxylates/carbonates with Pd 0 complexes as a function of the structure of the allylic group
For a similar leaving group and a similar ligand, either PPh 3 (Table 2 , entries 1,2) or dppb (Table  2 , entries 3,4), the equilibrium constant decreases, as well as k 1 app and k 2 , when a phenyl group is substituted on the allylic structure.
In the carbonate series (Table 2 , entries 5,6), the equilibrium constant considerably decreases when the steric hindrance of the allylic carbonate increases. The steric hindrance disfavors both the complexation and ionization steps. The ionization step is faster than the complexation (Table 2, entry 7), which is consistent with the good leaving group property of the carbonate (such a situation was also encountered with the leaving group -OCOCF 3 , Table 1 , entry 3). 
Scheme 2
Reaction of the allyl trifluoroacetate with the Pd 0 generated from Pd 0 (dba) 2 and 2 equiv. The reaction order in dba is −1 (Figure 1A) . The reaction order in CH 2 =CH-CH 2 -OCOCF 3 was determined by plotting the observed rate constant k obs (s -1 ) of the formation of the cationic complex versus CH 2 =CH-CH 2 -OCOCF 3 concentration ( Figure 1B) . A reaction order of +1 was found at low CH 2 =CH-CH 2 -OCOCF 3 concentrations but at higher concentrations, a saturation effect was observed with a reaction order of zero ( Figure 1B 
At low CH 2 =CH-CH 2 -OCOCF 3 and high dba concentrations:
. k 1 K 0 is then determined from the slope of the regression line of Fig 1A. [9]
The general equation (3) is shown in reciprocal form in Eq 4. The plot of 1/k obs versus the reciprocal of CH 2 =CH-CH 2 -OCOCF 3 concentration is indeed found to be linear with a positive intercept (Fig 1C) , which justifies the saturating effect observed at high CH 2 =CH-CH 2 -OCOCF 3 concentrations and supports the mechanism given in Scheme 2. k 0 is then determined from the intercept. -allyl-OZ)Pd 0 (P P) (complexation step) whatever the phosphine ligand, monodentate or bidentate, examined here. This step is followed by the formation of a cationic (η 3 -allyl)Pd II (P P)
+ complex with ZO − as the counter anion (ionization step). The better the leaving group OZ, the higher the concentration of the cationic complex. For good leaving groups (carbonate, trifluoroacetate) the ionization step is faster than the complexation step whereas the ionization step is rate determining for poorer leaving groups (acetate, benzoate). The reaction of cyclic allylic carbonates proceeds with isomerization at the allylic position. General procedure for the kinetic investigations by UV spectroscopy All experiments were performed in DMF under Argon on solutions of Pd 0 (dba) 2 (1 mM) and PPh 3 (2 mM). After addition of the suitable amount of the allylic carboxylate at the desired temperature, the decay of the absorbance of Pd 0 (dba)(PPh 3 ) 2 at λ = 395 nm was recorded versus time, according to the procedure reported in previous works.
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General procedure for the kinetic investigations by conductivity measurements All experiments were performed in DMF under Argon on solutions of Pd 0 (dba) 2 (1 mM) and PPh 3 (2 mM) (except for experiments reported in Figure 1 where the Pd 0 (dba) 2 concentration was 2 mM and PPh 3 concentration 4 mM). After addition of the suitable amount of the allylic carboxylate at the desired temperature, the increase of the conductivity was recorded versus time up to the limiting value, according to the procedure reported in previous works. [2] [3] [4] [5] 
